Summary. The activities of cAMP and cGMP phosphodiesterases (EC 3.1.4 These observations imply that the acknowledged increase in intracellular cAMP levels which occurs in spermatozoa during epididymal transit may be a consequence of both increased synthesis (adenylate cyclase) and reduced hydrolysis (phosphodiesterase).
Introduction
It has been known for many years that during epididymal transit, spermatozoa progressively acquire a potential for motility and a fertilizing ability (Blandau & Rumery, 1964; Gaddum, 1968) . In the rat, although the numbers of motile spermatozoa from all segments of the epididymis are very low when incubated in fluid, they exhibit increasing motility after dilution as they approach the caudal region (Hinton, Dott & Setchell, 1979) . The mechanisms underlying these alterations in potential motility are unknown, but may reflect the increase in intracellular cAMP which is known to occur in the gametes as they pass through the epididymis (Hoskins, Stephens & Hall, 1974; Hoskins & Casillas, 1975) . The intracellular levels of cAMP are the net result of synthesis (adenylate cyclase, EC 4.6.1.1) and breakdown (cAMP phosphodiesterase, EC 3.1.4.1). In addition, spermatozoa contain an active protein carboxyl-methylase (EC 2.1.1.24), which appears to be related to sperm motility (Bouchard, Gagnon & Bardin, 1980a;  Materials and Methods
Isolation of washed spermatozoafrom epididymal segments
The epididymides from four 90-day-old Sprague-Dawley rats were dissected free from fat and divided into 5 segments as illustrated in Text- fig. 1 . The pooled segments were cut into small pieces in Petri dishes containing 10 ml sterile saline (9 g NaCl/1) and gently shaken for 5 min. The resulting cell suspensions were carefully aspirated to avoid tissue debris, transferred to a centrifuge tube (50 ml) and centrifuged at 80 g (SS34 rotor) for 10 min. The resulting pellets were re-suspended in phosphate buffer (0-02 m, pH 6-0) and diluted to a final concentration of 20-30 106 cells/ml). From each suspension, 2 ml were carefully layered over 1 M-sucrose (25 ml) in glass centrifuge tubes which were then centrifuged at 20 000 g (SS34 rotor) for 30 min. The sperm pellets were redissolved in Tris-HC1 buffer (10 mM, pH 7-2) and the final concentrations adjusted to 20 IO6 cells/ml after counting (Biirker chamber).
Preparation ofpaniculate and cystolicfractions
The washed spermatozoa from the five epididymal segments were homogenized (2 10-sec bursts, Ultra Thurax) in 2 ml Tris-HCl buffer (10 mM, pH 7-2) and centrifuged at 105 000 g (Ti 50 rotor) for 60 min. The Enzyme assays Mn2+-dependent cyclase was assayed as described by Gordeladze & Hansson (1980) . regenerating system (0-02 mg myokinase/ml, 0-2 mg creatine kinase/ml and 20 mM-creatine phosphate) for ATP. The reaction was stopped by adding 100 µ of a solution containing 10 mM-cAMP, 40 mM-ATP and 1% sodium dodecyl sulphate. Any [32P] cAMP formed was subsequently isolated by combined Dowex 50-X4 and alumina oxide chromatography and the radioactivity was determined.
Protein carboxy methylase was assayed by a modification of a method previously described (Gagnon et al, 1979) . Enzyme activity in 20 µ cytosol was measured at 35°C in 0-25 M-sodium acetate buffer (10 µ ) pH 5-8, using 1-6 µM-S-adenosyl-L-[methyl-3H|methionine (10 µ1) as methyl donor and gelatin at 10 mg/ml (10 µ ) as exogenous methyl acceptor protein. After 15 min incubation, the reaction was stopped by the addition of 500 µ 10% trichloroacetic acid and centrifuged at 4200 g for 20 min; the pellet was resuspended in 200 µ 1 M-borate buffer, pH 10, to release the methyl groups. The radioactive methanol was extracted with 3 ml of a mixture of toluene-isoamyl alcohol (3 :2 v/v). Aliquots of 1 ml were then transferred to two separate vials; one was counted by liquid scintillation spectrometry (LKB, DELTA 300) the second aliquot (blank) was evaporated for 1 h at 80°C in a chromatography oven and the radioactivity determined. The difference in radioactivity between the two vials was taken as measure of methanol formation.
The details of the assay for cAMP and cGMP phosphodiesterases have also been described elsewhere (Purvis, Olsen, Barry & Hansson, 1981) . In essence, the sperm fractions (50 µ!) were incubated at 30°C for 20 min in a Tris-HCl buffer (10 mM, pH 7-2) containing calcium (0-4 mM) and magnesium (5 mM (Garbers, Lust, First & Lardy, 1973; Hoskins, Hall & Munstermann, 1975; Dacheux & Paquignon, 1980) . Moreover, the acquisition of this potential for motility, which progressively occurs as the spermatozoa traverse the epididymis, is reported to be correlated with an increase in intracellular cAMP content (Hoskins, Stephens & Hall, 1974; Hoskins & Casillas, 1975) . The results of the present study suggest that the elevated cAMP levels may be explained by a progressive reduction in the activity of cAMP phosphodiesterase in conjunction with a gradual increase in the activity of the sperm adenylate cyclase. Similar observations have been separately reported for bovine spermatozoa (Casillas, Elder & Hoskins, 1978; Stephens, Wang & Hoskins, 1979) . The mechanisms by which cAMP may then regulate motility are not known, but cAMP may, via phosphorylation, cause alterations in respiratory rate and carbohydrate metabolism (Hoskins & Casillas, 1975; Milkowski, Babcock & Lardy, 1976) .
Protein carboxyl-methylase transfers methyl groups from S-adenosyl-L-methionine to the carboxyl side chains of proteins (Liss, Maxam & Cuprak, 1969; Morin & Liss, 1973) , a reaction which appears to play an important role in exocytotic secretion (Diliberto, Viveros & Axelrod, 1976) and in controlling flagellar movement in bacteria (Kort, Goy, Larsen & Adler, 1975) . The testis contains relatively high levels of this enzyme ) which appears to be primarily localized in the germ cells (Bouchard et al, 1980a) where it may be involved in the genesis of sperm motility (Gagnon et al, 1980) . In the present study the activity of protein carboxyl-methylase became greatly elevated as the gamete approached the cauda region where it acquires greater motility. Gagnon et al (1980) correlated poor motility of human spermatozoa with abnormally low levels of protein carboxyl-methylase, testifying to its possible role in the maintenance of sperm movement. Interestingly, cAMP phosphodiesterase, adenylate cyclase and protein carboxyl-methylase all appear to be located in the tail region of the spermatozoon where they are presumably coupled to the locomotory apparatus. The localization of protein carboxyl-methylase to this region confirms similar observations by Bouchard, Gagnon, Phillips & Bardin (1980b) .
The marked decrease in cGMP phosphodiesterase activity which also takes place during epididymal transit may serve to raise the intracellular levels of cGMP, although the function of this cyclic nucleotide is still unknown. Immunological techniques have localized cGMP to the nuclear elements of many different germ cells including the mature spermatids (Spruill & Steiner, 1976) , suggesting that it may be involved in chromosomal events. It may be relevant therefore that cGMP phosphodiesterase exhibits the greatest activity in the head region of the spermatozoon, a region which is almost devoid of cAMP hydrolysing activity. The tail region on the other hand, which appears by immunochemistry to contain high levels of cAMP (Spruill & Steiner, 1976) , also possesses the highest levels of cAMP phosphodiesterase.
As (Cascieri, Amann & Hammerstedt, 1976) . Other mechanisms within the gamete presumably also have to mature during epididymal passage before the cAMP signal can be coupled to the locomotory apparatus. Moreover, a key feature of the fully mature spermatozoon is not only a capacity for movement, but also for movement in a forward direction. Caput spermatozoa can be stimulated to move but their movement tends to be haphazard and unlike that of the cauda spermatozoa which move forward progressively (Hoskins & Casillas, 1975) . A glycoprotein forward motility factor which has been postulated to bind to the spermatozoa during transit through the epididymis has been isolated (Hoskins, Brandt & Acott, 1978) . The decline in phosphodiesterase activity observed in the present study may be triggered by similar factors in the epididymal fluid. Alternatively, these alterations in enzyme activities may reflect the removal of specific inhibitors. The latter is more likely in view of the positive effects of dilution of the epididymal fluid on sperm motility in the rat (Hinton et al, 1979 
